in constraining theory however, has been the combination D + 3 He . Under the assumption that this combination cannot have increased since it was initially created, the claimed upper limit of 10 −4 on the (D + 3 He)/H fraction places a lower limit on Ω B which is sufficiently large that the predicted 4 He abundance, which increases with Ω B , is large enough to exceed some "2 σ" estimates of the allowed upper limit on Y p .
Recently, we re-examined BBN constraints [2] and argued that they were even stronger than previous estimates, due to several features:
(a) The world average for the neutron half-life (τ N = 889 ± 2.1sec ) has an uncertainty which is almost twice as small as that used in previous analyses.
(b) Improvements in the BBN code, including a finer integration of the nuclear abundances, and the inclusion of M −1 N effects [6] , result in a new η 10 -independent correction of +.0031 to Y p . All corrections applied to date thus combine to produce a net correction to Y p of +.0006.
(c) Incorporating the fact that predicted elemental abundances are correlated means that determining limits on cosmological parameters by using the different abundances independently, as had been the case, is not consistent. In our own Monte-Carlo analysis, we demonstrated that simultaneous use of constraints on both 4 He and D + 3 He could dramatically reduce the number of models which were allowed at the "2σ" level.
The BBN constraints we derived on the basis of these results, using the assumption that 4 He < 24% and (D + 3 He)/H < 10 −4 , were extremely tight.
In particular, a 4 He abundance of less than 23.8% was shown to be inconsistent with these limits. This value was uncomfortably close to the claimed 3 upper limit on 4 He . In addition, we demonstrated that greater than 3.04 effective light neutrino species in the relativistic gas at the onset of BBN was ruled out. This constraint is more severe than it might first appear, as even a light sterile right handed neutrino in a minimally extended standard model contributes more than this.
Of course, the weakest link in such an analysis is the assumed light element abundance. Measurements of 4 He , for example, are mostly indirect, and subject to large systematic uncertainties. As a result, we argued that our refined BBN analysis might just as well suggest the need for revision of the light element abundance estimates inferred from observation instead of arguing for or against new nonstandard physics.
The new claimed observation, by Songaila et al, of deuterium in a primordial gas cloud, at a level (D + 3 He)/H = 1.9 − 2.5 × 10 −4 is particularly exciting in this regard. It has long been argued that any present measurement of D provides a lower limit on its primordial abundance because D is so fragile that it is easily destroyed in stars. Previously quoted abundance estimates of 10 −5 led to a firm upper bound on η 10 < 8 (defined by
10 , where T is the microwave background temperature today, and h defines the Hubble parameter H = 100h km/(Mpc sec)), which clearly established that baryons could not close the universe.
The present observation, an order of magnitude larger, is also a factor of two greater than the previous upper limit on the combination D + 3 He . As a result, the new constraints one can derive on Ω B will be much more severe.
In addition, as we shall show, this changes the way we combine elemental 4 abundance limits to get constraints on cosmology and particle physics. Our Monte Carlo analysis proceeds as follows: we allow input uncertainties corresponding to measurement uncertainties in the BBN nuclear reactions. Each rate is determined using a Gaussian distributed random multiplier centered on unity, with a 1 − σ width based on that quoted in [5] . For the rates with temperature dependent uncertainties the original uniformly distributed random number is saved and mapped into a new gaussian distribution with the appropriate width at each time step. For each value of η 10 we then ran 1000 BBN models. ( see [2] for details).
In figure 1 we display the predicted ranges for D, 4 He , and 7 Li for the range 1 < η 10 < 2, along with the new D observational lower limit, and the claimed upper limits on 4 He and 7 Li, assuming 3 light neutrino species.
For each value of η 10 all 1000 model predictions are shown, along with the median predictions, the one-side 2σ upper (lower) limit for D ( 7 Li), and the symmetric 2σ range for each element. The one-side limits occur when less than 50/1000 models fell below(above) the limits, while the symmetric limits encompass the central 950/1000 predictions. The D and 7 Li limits imply the allowed range 1.13 < η 10 < 1.87, which leads to the constraints on Ω B quoted above. (If one were to put a upper limit on prmordial D of 2.5 ×10 −4 , derived from the new D observation alone, the lower limit on Ω B would increase by 15 % from the more conservative limit quoted above using 7 Li)
In figure 2 , we display the predicted 4 He vs D abundances for the upper limit η 10 = 1.87, assuming three species of light neutrinos. Here the clear anti-correlation between these abundances is clear. Utilizing this result, we see that for the region above the allowed D lower limit, the maximal value of 4 He is near 23.5%. This is a complete reversal of the previous BBN limits, which put a lower bound on 4 He . What is perhaps more interesting is that this new upper bound is far more consistent with the best fit estimates of 23 ± 1%(2σ) which are often applied to 4 He .
The role played by varying the number of neutrinos is quite different than it was when one combined an upper limit on D+ 3 He with an upper limit on 4 He, aside from a relaxed upper bound on N ν due to the lower predicted 4 He fraction in this range of η 10 . Before, raising the number of neutrinos tightened BBN constraints, but now it can actually relax them. In order to
give the most conservative limits on η 10 we must allow the effective number of neutrinos to vary from 3, to account for possible new particles contributing to the radiation gas during BBN at the fraction of a neutrino level.
The point is that in the range of η 10 of interest, increasing N ν monotonically increases all elemental abundances. At η 10 = 1.8 an increase of N ν of 1 produces an increase of 5% in Y p , 15% in D/H and 23% in 7 Li. This implies that an increase in the effective number of relativistic species will increase the upper limit on Ω B because the predicted D abundance will increase. However, at some point the upper bound on Ω B from 4 He (or 7 Li) will eclipse that from D. By varying the number of neutrinos, we find the maximum allowed value of η 10 is 1.91, obtained for 3.4 effective neutrino species.
Increasing the number of neutrino species beyond 3.9 results in violation of the observational limits for any range of η 10 , as shown in figure 3 , where we plot the number of models, out of 1000, allowed by simultaneously employing the 4 He and 7 Li limits, as a function of η 10 for both 3.9 and 4.0 neutrinos.
Clearly, any further relaxation of either limit would weaken the bound, allowing 4.0 neutrinos. This relaxed limit on the number of effective light neutrinos is quite significant for model building, as it allows breathing room for new physics. For example, an extra scalar particle in thermal equilibrium at the BBN era would contribute about .55 neutrinos.
As we have illustrated, the new D measurement could be quite exciting for cosmology. If confirmed, it will change the way we use primordial element abundances to get cosmological and particle physics constraints, as we have # models/1000
